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(54) Method and apparatus for displaying imaging parameters 

(57) A visual sensor (11 0) has a first portion (115) ing parameter values, 
and a second portion (1 20). The sensor is able to detect 
the state of one or more imaging parameters such as 
exposure beam intensity, exposure beam pulse width 
modulation, exposure beam focus, image balance, spot 
ellipticity. sidelobe size, shape, and intensity, media 
gamma, edge sharpness, dot gain, uniformity, ink 
receptivity, physical changes in the media, pattern 
dependent effects such as dot gain or tone resolution 
compared to the type of halftone used, and sensitivity to 
calibrated position or exposure errors. The first image 
portion (115) has a first imaging characteristic, and the 
second image portion (120) has a second imaging char- 
acteristic. Imaging characteristics are characteristics of 
an image, including, but not limited to apparent density 
level, tint, colour, reflectivity, absorption, granularity or 
microstructure, size, shape, distribution, degree of ran- 
domness, structure, edge sharpness, and depth or 
dimension. One of the portions is less sensitive to one 
or more imaging parameters than the other portion so 
that the first image portion (115) and the second image 
portion (120) appear substantially similar at a desired 
range of imaging parameters, and appear different oth- 
erwise. The imaging characteristic of the first portion 
(115) is distinguishable from the imaging characteristic 
of the second (120) for one or more ranges of one or 
more imaging parameters, and is not distinguishable for 
the alternate range(s) of the one or more imaging 
parameters. A range can be a particular imaging param- 
eter value, or a range that excludes one or more imag- 
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Description 

FIELD OF THE INVENTION 

[0001 ] This invention relates to digital imagesetting 5 
and presetting and, more particularly, to visual sen- 
sors for detecting variations in imaging parameters. 

BACKGROUND INFORMATION 

10 

[0002] Printing presses use plates to print ink onto 
paper and other media thereby creating either a solid 
region which is completely filled with ink or halftone 
region which partially fills a region with ink to create 
tone variation according to the amount of ink applied. 15 
One method used for creating plates is to expose pho- 
tosensitive film with the matter to be printed. When the 
film is developed, the matter imaged on the film may be 
re-imaged onto a photosensitive plate, sometimes 
referred to as "burning'' a plate. After chemical or 20 
mechanical processing, the plate can be used on a 
press to print the matter onto a medium. Part of the 
plate, usually the part defining the image to be printed, 
retains ink, while the other part of the plate does not. 
When the plate is introduced to ink and then the 25 
medium, usually paper, the image is printed onto the 
medium. 

[0003] In a black and white printing job, there is usu- 
ally one plate that is used to print black ink. In a colour 
printing job, a different plate may be used for each col- 30 
our ink, however each plate may include all black, e.g. 
text, and halftone, e.g. image, regions. A colour job may 
use three colours of ink, usually cyan, magenta, and 
yellow, which in combination can be used to make other 
colours. A plate is usually produced for each colour ink. 35 
Often, in addition to cyan, magenta, and yellow, black 
ink is also used. An additional plate is then required to 
print the black ink Occasionally, one or more additional 
colours will be printed separately, using a different plate 
which are referred to as a "spot colour." 40 
[0004] Electronic prepress systems have used an 
imagesetter to receive raster data associated with a 
plate and to image the raster data onto photosensitive 
film. In this context, a raster may specify an image by 
pixels in columns and rows, at a predefined resolution. 45 
The f ilm is then used to create a plate with an exposing 
beam. The imagesetter usually scanwise exposes the 
photosensitive film pixel by pixel. Electronics modulate 
the exposure beam , usually a laser to expose, accord- 
ing to an image signal to record or not record images sc 
pixels according to the image. The imagesetter images 
each pixel on the film according to a grid which the pix- 
els being separated from each other by the imagesetter 
addressability or resolution which may be variable 
according to the to image to be recorded. Recently, 51 
platesetters also have been used to record an image 
directly onto a plate with an exposing beam. Imageset- 
ters, platesetters and like halftone print engines, includ- 



ing black and white as well as colour halftone printing 
devices are also referred to generally as output devices 
and writing engines. 

[0005] Modern output devices may write or record 
images on various media used in image reproduction, 
including but not limited to plain paper, photographic or 
thermally sensitive coatings applied onto paper, poly- 
mer film, flexible aluminium or other metal plates or 
recording surfaces for directly recording or for transfer- 
ring an image onto another medium. Such media are 
typically mounted onto a recording surface which may 
be planar or curved and scanwise exposed. 
[0006] Conventional digital imagesetters include a 
raster image processor (RIP) which receives signals 
representing an image to be recorded on the applicable 
media and converts the signals into instructions to a 
recording scanner which scans the recording media to 
produce the desired image. It is the function of the RIP 
to process the received signals representing the image 
into a corresponding instruction set that can be under- 
stood by the scanner. It is a typical problem with an out- 
put system, which may include the RIP, the writing 
engine, the recording medium and a chemical or 
mechanical processor for processing the recording 
medium to calibrate the output system for each of a plu- 
rality of modes of operation as well as for operation, e.g. 
at different recording resolutions for different halftone 
dot screening types for each of the various recording 
medium types which may be used. 
[0007] In an article entitled "How to Calibrate and 
Linearize an Imagesetter Using the Digital 
UGRA/FOGRA Wedge" by Franz Sigg and David 
Romano, published in the Society for Imaging Science 
and Technology Proceeding of the Fourth Technical 
Symposium on Prepress Proofing and Printing, October 
1995, pp. 88-92, which was co-authored by David 
Romano who is also a co-inventor of the invention 
described herein, the need for imagesetter predictability 
and repeatability is discussed. As noted in the article, 
most modern imagesetters require adjustment so that a 
pre-specified solid or all black density associated with 
the media to be imaged is produced. In most cases, it is 
required that the imagesetter be adjusted until a partic- 
ular solid density on an all black region, is obtained on 
the medium being recorded. A densitometer can be uti- 
lised to measure the density of the a recorded image to 
ensure correspondence with the pre-specified density. 
A densitometer measure within the range 1.0-4.0 or 
more is generally considered a solid density. 
[0008] In practice, there are many imaging parame- 
ters, including scanning exposure beam intensity that 
can be adjusted to change the density of a recorded 
solid region. However, by varying the exposure beam 
intensity the dot area of various half tone dots may also 
change causing tone reproduction to be non-linear from 
clear (no pixels exposed) to solid (all pixels exposed). It 
is know to apply linearization curves to adjust dot area 
at various tone levels, e.g. at the 50 % dot area. This 
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removes tonal reproduction non-linearity's, e.g. dot 
gain, on the medium recorded by the imagesetter. Dot 
gain near the mid-tones can typically be experienced as 
the exposure intensity of the scanner exposing beam is 
increased. In this way, the size or number of dots within 
an image are modified so that the desired dot areas will 
actually be recorded on the imaged medium. However it 
is a problem in the prior art that utilising linearization 
curves does not ensure proper exposure. Although the 
use of linearization curves may result in proper dot 
areas, the adjustments made to obtain the desired den- 
sity may also result in undesirable dot fringe or fog 
between the dots on the recorded medium. 
[0009] In the above-referenced Sigg and Romano 
article, it is proposed that half-tone patterns formed of 
one-by-one, two-by-two and four-by-four pixel checker- 
boards be compared with a 50% half-tone patch of a dif- 
ferent pattern to calibrate the imagesetter. More 
particularly, it was disclosed that the proper imagesetter 
exposure occurs when the three checkerboards and a 
50% half-tone patch have the same darkness or tint and 
hence the same visual density. The present invention 
further improves this technique by forming various half- 
tone patterns in shapes which further emphasise 
changes in visual density and are therefore more readily 
evaluated by an operator of the writing device. 
[001 0] In non-digital platemaking, it is well known to 
form a standard test wedge of continuous gray tone 
wedges with a plurality of continuous tone density 
patches on a separate sheet of the desired recording 
medium and to compare a newly recorded image with 
the test wedge to initially set the exposure of the plate- 
maker such that a particular patch on the test wedge 
matches a patch on the plate being tested and/or to 
confirm that individual plates continue to match the 
selected patch on the wedge. Such a wedge is depicted 
in prior art FIG. 1. One problem with this technique is 
that the visual comparison is subjective such that it may 
be influenced by lighting variations, by contamination of 
the test wedge or by differences in the recording medi- 
ums used. 

[0011] As shown in FIG. 1, the wedge 10 includes 
various continuous tone density patches 20 which are 
numbered 1-13 on the wedge. The densities of the 
respective patches vary from 0.15D-1.95D in steps of 
0.1 5D where D represents optical density. Other fields, 
which are not relevant for purposes of the present spec- 
ification, are also included on the wedge 10. The 
patches 20 are formed on a medium 30 which is prefer- 
ably of a material substantially similar to the medium to 
be production imaged and on which the test patch is to 
be recorded. The platemaker operator is instructed 
which of the particular step(s) on the wedge 10, and 
therefore which of the specific patch or patches within 
the continuous tone density patches 20 the test patch 
recorded on each piece of production medium must vis- 
ually or densometrically correspond in order to be 
acceptable. 



[0012] In a typical operational setting, a range of 
steps, e.g., 4, 5 and 6, might be designed for use in ini- 
tially establishing the exposure setting for the plate- 
maker or in monitoring the acceptability of recorded 

5 media and hence the repeatability of the platemaker. 
The wedge 10 provides a simple way in which to initially 
set the recorded media in non-digital platemakers. 
Although providing a rough indicator for initially estab- 
lishing an acceptable platemaker exposure setting and 

io for monitoring platemaker repeatability by ensuring that 
all recorded media is exposed at approximately the 
same level, the wedge 10 cannot ensure that the 
recorded test patch actually corresponds to a desired 
density. In addition, it is a typical problem in digital plate- 
ns making that densitometer readings may not be reliable 
since e.g. aluminum plates may be too reflective for 
accurate results. In any event, many of the operators 
now operating digital platesetters and imagesetters 
were trained on non-digital platemakers and are familiar 

20 with the use of the FIG. 1 wedge for setting exposure 
and for quality control. As will be detailed below, the 
present invention takes advantage of the general knowl- 
edge of using test wedges to visual match densities and 
reduces subjective elements of that technique. 

25 [0013] Scanner exposure level is only one example 
of an imaging quality parameter which can affect visual 
density appearance. An output device may have several 
imaging parameters, including, but not limited to. expo- 
sure beam focus, exposure beam spot size, spot side 

30 lobe size, addressability, and exposure beam pulse 
width modulation. Depending on the design of a writing 
engine, it may be possible to adjust certain imaging 
parameter settings by software variables or by hardware 
configuration or adjustment. Likewise, some imaging 

35 parameters may be modified by the writing engine oper- 
ator, other imaging parameters may be modified by a 
field service technician and other imaging parameters 
may be preset in the manufacturing facility during pro- 
duction. In practice, an operator therefore may not be 

40 able to adjust a particular imaging parameter in a partic- 
ular writing engine, however, using the methods and 
devices described below an appropriate operating 
range of the writing engine will be easily reached. More- 
over, using prior art manufacturing techniques for cali- 

45 brating writing engines in the factory many pages of 
photocopy we usually recorded using various system 
parameter settings and a substantial amount of opera- 
tor time was required to measure the images recorded 
using costly measurement tools to interpret, evaluate 

so and iteratively re-adjust the imaging parameters of the 
writing engine to obtain an optimal operating condition. 
Media use, labour and measurement tooling design add 
significant cost to the overall manufacturing cost of each 
writing engine. The present invention provides an imag- 

55 ing technique which reduces recording media use, 
labour and the need for costly tools for calibrating output 
recorders in the factory. 

[0014] In addition, proper exposure set-up of some 
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media, such as plate material, requires a comparison of 
several variables simultaneously, some of which are dif- 
ficult to measure on the media itself with traditional 
tools. Plate material set-up must be optimised for on- 
press performance and not just for a density operating 
point of the media itself. The present invention particu- 
larly solve the problem that proper exposure of plate 
materials, e.g. aluminium, can be provided without the 
use of a densitometer and with more consistent results 
than were available in the prior art. 

SUMMARY OF THE INVENTION 

[0015] In general, in one aspect, the invention fea- 
tures a visual sensor 1 10 having a plurality of portions 
including a first portion 115 and a second portion 120. 
The sensor is able to detect the state of one or more 
imaging parameters such as exposure beam intensity, 
exposure beam pulse width modulation, exposure beam 
focus, image balance, recording spot size and shape, 
spot ellipticity, sidelobe size, sidelobe shape, and 
sidelobe amplitude, media transfer function and 
gamma, image edge sharpness, dot gain, image uni- 
formity, ink receptivity, physical changes in the media, 
pattern dependent effects such as dot gain or tone res- 
olution compared to the type of halftone used, and sen- 
sitivity to calibrated position or exposure errors. The first 
image portion 1 15 has a first imaging characteristic, and 
the second image portion 120 has a second imaging 
characteristic. Imaging characteristics are characteris- 
tics of an image, including, but not limited to apparent 
density level, tint, colour, reflectivity, absorption, granu- 
larity or microstructure, size, shape, distribution, degree 
of randomness, structure, edge sharpness, and depth 
or dimension. One of the portions is less sensitive to 
one or more imaging parameters than the other portion 
so that the first image portion 115 and the second 
image portion 120 appear substantially similar at one or 
more desired ranges of imaging parameters, and 
appear different otherwise. The imaging characteristic 
of the first portion 1 15 is distinguishable from the imag- 
ing characteristic of the second portion 120 for one or 
more ranges of one or more imaging parameters, and is 
not distinguishable for the alternate range(s) of the one 
or more imaging parameters. A range can be a particu- 
lar imaging parameter value, or a range that excludes 
one or more imaging parameter values. 
[001 6] Embodiments of this aspect of the invention 
include the following features. In one embodiment, the 
one of the first and second portions comprises a coarse 
tint and the other of the first and second portions com- 
prises a fine tint. In one embodiment, the first and sec- 
ond imaging characteristics each comprise one or more 
characteristics chosen from the set of density, tint, col- 
our, reflectivity, absorption, granularity, microstructure, 
size, shape, distribution, randomness, structure, shape, 
edge sharpness, and depth. In another embodiment 
one of the first and second portions comprises a symbol 
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or shape such as an alphanumeric character, a word, an 
arrow, circle, square, rectangle, triangle, diamond, pen- 
tagon, and octagon, or the like which is easily recognis- 
able and the other of the first and second portions 
5 comprises a background. In another embodiment, the 
symbol comprises at least one alphanumeric character. 
The symbol or shape may be chosen to provide infor- 
mation related to the at least one imaging parameter 
setting range. 

10 [0017] In another aspect, the invention features a 
method for calibrating an imaging device using a visual 
sensor 110 as described above. The method includes 
recording the visual sensor onto a recording media, 
modifying one or more image parameters of the record- 

75 ing device or recording system and then recording the 
visual sensor onto the recording media in a different 
location and repeating the recording an modifying for a 
range of values of the one or more imaging parameters. 
An operator then selects an appropriate imaging param- 

20 eter for operating the recording device or system by vis- 
ually comparing the first and second portions of the 
recorded visual sensors 110. A preferred imaging 
parameter value or range of values is indicated when 
the first portion 115 and the second portion 120 of the 

25 recorded visual sensors 110 appear substantially simi- 
lar. At non-preferred imaging parameter values or 
ranges of values the first and second portions will 
appear different. Alternately, the sensors may be 
designed such that the first and second portions appear 

30 different at the preferred imaging parameter and sub- 
stantially similar otherwise. 

[0018] In another aspect, the invention features an 
array of visual sensors. The array includes two or me^re 
sensors 110, each sensor having a first portion 1 1 5 h&v- 

35 ing a first imaging characteristic and a second portion 
1 20 proximate to the first portion having a second imag- 
ing characteristic. The imaging characteristic of one of 
the first and second portions is less sensitive to an 
imaging parameter than the imaging characteristic of 

40 the other of the first and second portions, such that the 
imaging characteristic of the first portion and the second 
portion appear substantially similar for at least one 
imaging parameter setting or range of settings and 
appear different otherwise. In this case, each sensor 

45 may be designed to be sensitive to a different imaging 
parameter of the recording device or system so that 
several imaging parameters may be evaluated by an 
operator simultaneously on a single sheet of recording 
media. 

so [0019] The foregoing and other objects, aspects, 
features, and advantages of the invention will become 
more apparent from the following description and from 
the claims. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In the drawings, like reference characters 
generally refer to the same parts throughout the differ- 
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ent views. Also, the drawings are not necessarily to 
scale, emphasis instead generally being placed upon 
illustrating the principles of the invention. 

FIG. 1 is a prior art wedge of the type utilised in 
non-digital platemaking operations. 
FIG. 2 is an example of an embodiment of a visual 
sensor according to the present invention showing 
symbol contrast change with incremental steps of a 
test parameter. 

FIG. 3 is an embodiment of a sensor array tor mon- 
itoring three imaging parameters. 
FIG. 4 is a magnified view of the fill patterns used 
for the sensor array. 

FIG. 5 is an embodiment of sensors with increased 
sensitivity to an imaging parameter. 
FIG. 6 is a graph showing the dot error of the bal- 
ance sensor of FIGS. 3 and 4. 
FIG. 7 is graph showing the relationship of sensor 
contrast to gap size for the EXP sensor of FIGS. 3 
and 4. 

FIG. 8 is a magnified view of a image portion sensi- 
tive to focus. 

FIG. 9 is an embodiment of sensors according to 
the present invention. 

FIG. 10 is an embodiment of a control wedge 
including a visual sensor according to the present 
invention. 

FIG. 11 is an embodiment of a control wedge 
including a visual sensor according to the present 
invention. 

FIG. 12 shows an aray of control wedges, each 
wedge imaged at a different focus setting. 

DETAILED DESCRIPTION OF THE INVENTION 

[0021 ] A digital prepress system may include a front 
end workstation for storing, viewing and editing images 
and for arranging images for layout onto a printing plate, 
a RIP or raster image processor for rasterizing image 
data for scanwise output to the output device, the output 
device, which may be an imagesetter for recording 
images onto film or a platesetter for directly recording 
images onto plates and a chemical or mechanical proc- 
essor for processing the film or plates. The system may 
also include a plurality of output devices including an 
imagesetter, a platesetter and a halftone proofing 
device which may be an ink jet device and it is useful to 
calibrate each output device for linear tone reproduction 
and appropriate all black density according to the appli- 
cation of the device. Calibration may include adjustment 
of various imaging parameters, e.g. exposing beam 
intensity or just a characterisation of the device using 
various imaging parameters. Other imaging parameters 
that affect the image, which may or may not be control- 
lable, include, but are not limited to such variables as 
exposure beam pulse width modulation, beam focus 
and balance, beam sidelobe size, sidelobe shape, 



sidelobe intensity, beam ellipticity, media transfer func- 
tion and gamma, edge sharpness, dot gain, uniformity, 
ink receptivity to media, physical media changes, pat- 
tern dependent effects, sensitivity to position errors, and 
5 sensitivity to exposure errors. To calibrate a writing 
engine or to verify imaging quality, it is often necessary 
to measure the output at various imaging parameter 
settings as well as with different resolutions, screening 
types, media types and may even include different 
to media processing parameters such as may be used in a 
photochemical processor or the like. This can be a time 
consuming process which usually requires that the 
same image be exposed onto many different sheets of 
the recording media under any number of different 
?5 imaging parameter conditions and evaluated individu- 
ally, e.g. by comparing each copy to a standard page for 
evaluation. To reduce the number of separate record- 
ings to be made during a typical calibration, it would be 
useful to have a visual sensor that can very quickly indi- 
go cate to a user or technician that an appropriate imaging 
parameter setting has been selected or that the imaging 
parameter has not changed. According to the present 
invention, such a sensor can be imaged on a media to 
indicate that the imaging parameters are acceptable by 
25 simply visually comparing one area of the sensor to 
another area of the same sensor. Such a sensor can 
also be viewed by a machine vision system such that an 
automatic evaluation may be provided. 
[0022] According to the present invention, a visual 
30 sensor is provided having two or more portions, includ- 
ing a first image portion having a first imaging character- 
istic and a second image portion having a second 
imaging characteristic. The visual sensor is recorded 
onto a recording medium to provide a visual indicator 
35 which is indicative of the degree of optimisation of one 
or more parameters of the digital prepress system. The 
first and second imaging characteristics may include 
apparent density level, tint, colour, reflectivity, absorp- 
tion, granularity or microstructure, size, shape, distribu- 
40 tion, degree of randomness, structure, edge sharpness, 
and depth or dimension. According to the present inven- 
tion, one of the first and second portions is less sensi- 
tive to one or more imaging parameters than the other 
portion, and each portion is designed to appear sub- 
45 stantially similar to the other portion at a desired range 
of one or more imaging parameters, and to appear sub- 
stantially different otherwise. Moreover, the imaging 
characteristic of the first portion may be distinguishable 
from the imaging characteristic of the second portion for 
so more than one range of one or more imaging parame- 
ters, and is not distinguishable for the alternate range(s) 
of the one or more imaging parameters. A range can be 
a particular imaging parameter value, or a range of 
imaging parameter values that excludes one or more 
55 imaging parameter values. 

[0023] In one embodiment, at least one of the first 
and second image portions has a shape, and the other 
image portion forms a background surrounding some or 
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all of the shape. In another embodiment, one of the first 
and second image portions can form a plurality of 
shapes within a background region formed by the other 
of the first and second image portions, within a sensor. 
The shapes can be designed to produce an apparent 
visually contrast when subjected to certain imaging con- 
ditions. Symbol shapes provide additional information in 
graphic form. For example, an arrow can indicate direc- 
tion of best focus, a plus sign can indicate that an image 
is overexposed, and one or more alphanumeric charac- 
ters can indicate which parameter is being measured. 
[0024] Referring to FIG. 2, a visual sensor 110-114 
is shown recorded at 5 different imaging parameters 
e.g. as an imaging parameter is decremented from right 
to left through five different imaging parameter settings. 
The visual sensors 110-114 each include a first portion, 
the tinted background portions 120-124, and a second 
portion, the tinted shape or symbol portions 115-119. In 
these sensors, the symbol 1 15-1 19 is the letter "X". An 
imaging characteristic of the symbol portion 115-119 
and the background portion 120-124 is tint density. The 
density contrast between the symbol and background 
tints are manipulated by the imaging parameter. In this 
example, the symbols 115-119 and the background 
120-124 are imaged with different fill patterns. The tint 
fill patterns are the patterns of dots that compose a tint. 
Tint fill patterns can be periodic, such as 1x2 vertical 
lines, or 2x2 checkerboard patterns, or more complex 
patterns, or alternatively, tint fill patterns can be aperi- 
odic and/or random. The fill patterns of the symbol por- 
tions 115-119 and the background portions 120-124 
have a different imaging characteristic, meaning that 
they react differently to an imaging parameter. In this 
example, the background 120-124 consists of a coarse 
tint which has low sensitivity to the imaging parameter 
while the symbol 115-119 consists of a fine tint having 
high sensitivity to the imaging parameter. The high vis- 
ual contrast of the symbol results from a difference in 
the imaging characteristic of the two image portions, 
that is in this example the sensitivities of the two fill pat- 
terns to the imaging parameter. The fill patterns are 
chosen to produce equal density to the eye when the 
desired parameter condition is met and to produce une- 
qual densities otherwise. As a result, in the example of 
FIG. 2, the symbol X' is visible 1 15,1 16, 1 18,1 19 as the 
imaging parameter is varied (for a particular range of 
imaging parameters) and is substantially not visible 1 1 7 
when the imaging parameter is another range of imag- 
ing parameter values. A fine tint background and a 
coarse tint symbol could also work, but using the coarse 
tint in the background provides that the background tint 
will be consistent with the changes to the imaging 
parameter for each of the sensors. 
[0025] The symbol is not readily distinguishable 
from the background when the apparent density of the 
symbol and the background are substantially similar, 
and this is what is meant by substantially not visible. 
Sensors can be designed having other imaging charac- 



teristics that are sensitive to other imaging parameters 
(i.e. other than apparent density), and that will render a 
shape or symbol substantially invisible at some imaging 
parameters values and visible at others. 

5 [0026] In the example of FIG. 2, the five instances 
110-114 of the visual sensor are imaged, each with a 
different imaging parameter setting. In this example, the 
imaging parameter that is manipulated is pulse width 
modulation. When the imaging parameter pulse width 

w modulation is set to its lowest value as shown in sensor 
110, the fine tint of the symbol X 115 appears much 
lighter than the background 120. When the pulse width 
modulation is set to its next lowest value as shown in 
sensor 1 1 1 , the fine tint of the symbol X 1 16 appears 

15 darker, but still lighter than the background 121. At the 
median pulse width modulation setting, sensor 112, the 
fine tint of the symbol X 1 1 7 is indistinguishable from the 
background 122. At a higher imaging parameter setting 
as shown in sensor 113, the symbol X 118 appears 

20 darker than background 123. At the highest imaging 
parameter setting, sensor 114 shown in the example of 
FIG. 2, the symbol X 1 19 appears much darker than the 
background 124. In all instances of the sensor 110-1 14, 
the background 120-124 is a coarse tint that is substan- 

25 tially insensitive to the imaging parameter, and so the 
background appears to be substantially the same tint at 
all imaging parameter levels. The example shows that 
the sensor reaches a null at middle parameter value. 
The null is the imaging parameter value at which the 

30 symbol is substantially similar to the background. In this 
example, the symbol has tint that is substantially similar 
to the background at the middle parameter setting A 
sensor might be designed so that the symbol and back- 
ground are substantially similar for one value, as in this 

35 example, or for more than one value, or for a range of 
values. A sensor can also be designed to operate in the 
opposite manner, so that the contrast is high at a 
desired parameter setting and the contrast is low other- 
wise. 

40 [0027] Configuration of a writing engine may 
require multiple imaging parameters, and an imaging 
parameter may have multiple competing criteria for its 
proper set-up. One or more of these criteria may not be 
directly measurable on the media with traditional tools. 

45 Calibration by some subsequent process step may be 
required. To accomplish set-up or image quality qualifi- 
cation by direct observation of the media itself, a group 
of visual sensors can be used, one for each variable and 
possibly several for comparative visual reference. Each 

so visual sensor can be designed to isolate an imaging 
parameter from the interactive performance of the imag- 
ing system. For example, a sensor may be calibrated to 
visually display performance of a subsequent process 
step by incorporating the appropriate transfer function 

55 as structural change in a fill pattern. Since the transfer 
function is incorporated into the fill pattern, there is no 
error due to unit-to-unit engine variations and therefore 
no need for custom calibration of each engine. 
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[0028] Referring to FIG. 3, a series of sensors is 
used to calibrate the video modulation duty cycle imag- 
ing parameter. The video modulation duty cycle is cali- 
brated by adjusting the pulse width of the exposing 
beam "on" state in a laser recording system, referred to 
as pulse width modulation ("PWM"). An equivalent 
parameter in an ink let or toner device would be width of 
the ink spot in one axis. Pulse width modulation varies 
the weight of vertical lines by a fraction of a pixel but has 
no effect on horizontal lines since they are not modu- 
lated. The effect on the vertical axis of PWM is often lim- 
ited to patterns with modulation components of less 
than 10 to 20 pixels. 

[0029] One common set-up criterium for a writing 
engine is to adjust PWM until the dot error for a given 
reference halftone tint is zero. Dot error is the deviation 
for the correct geometric weight of a pattern. For exam- 
ple, a pattern that has a 107o dot error appears 10% 
darker than its geometric weight. A 1-on 1 -off fill pattern 
has a 50% geometry. A 1 -on 1-off fill pattern with a 10% 
dot error will appear to be a 60% tint. 
[0030] PWM adjustment can be a form of dot gain 
compensation. A possible complication of adjusting 
PWM for dot error without also considering other varia- 
bles is that other significant image quality issues may be 
masked, for example a defocused spot, low modulation 
contrast or poor response time. In the calibration and 
qualification processes, it can be useful to qualify focus, 
modulation contrast, and/or response time as well as 
set up PWM. 

[0031 ] Still referring to FIG. 3, a visual sensor array 
140-142 is imaged at five imaging parameter values 
shown by sensors 150-154. In this example, the array is 
stepped at five values for PWM, meaning that for each 
instance of recording the sensors, the array is imaged at 
a different imaging parameter (PWM) value. In the first 
column 140 is the exposure level sensor ("EXP") for 
determining a correct exposure level visually The sen- 
sor in the second column 141 is a balance sensor that 
indicates a geometric balance ("BAL") condition. In this 
example, balance is defined as the point where the dot 
error magnitude for a 1x2 pixel vertical line pattern is 
equal but opposite in sense to that for a 2x1 vertical pat- 
tern. The sensor in the third column 142 determines the 
zero dot error point. Each row 150-154 shows the sen- 
sor array imaged at a different PWM setting. In the 
example of FIG. 3, the imaging parameter PWM is 
incremented in the direction from row 1 50 to row 1 54 so 
row 150 has the lowest PWM setting ol the set and row 
1 54 has the highest setting. 

[0032] In this example, exposure, balance, and zero 
dot error point are imaging parameters. The imaging 
characteristic is apparent tint (density). One portion, the 
symbol, of each sensor has one imaging characteristic, 
and the other portion, the background, has another 
imaging characteristic. The different imaging character- 
istics of the sensor image portions result in observable 
differences in the portions for various imaging parame- 



ters. 

[0033] The exposure sensor 140 is used to deter- 
mine a reference exposure setting. The exposure sen- 
sor 140 compares the tint levels produced by two 

5 different fill patterns: 1x1 horizontal lines and 8x8 pixel 
horizontal lines. Referring to FIG. 4, in the enlargement 
of the exposure sensor 180, both the 1x1 and the 8x8 
line patterns contain a gap 188 in the vertical axis 
repeating at a sixteen pixel pitch. In the coarse back- 

10 ground tint 1 90, the gap is eight pixels which results in a 
checkerboard pattern. In the fine tint of the symbol 195, 
the gap is smaller and is only one or two pixels. This gap 
188 can be adjusted to tune the density intercept point, 
which is the imaging parameter value at which the sym- 

15 bol 1 95 and background 1 90 appear similar. By properly 
selecting gap size, the sensor can be set to a desired 
exposure criteria. Non-integer gap size is achieved by 
alternating between several integer pixel gap sizes in a 
repeating pattern. For this exposure sensor, the sensi- 

20 tivity is about 1% contrast change for 2% exposure 
change. The sensor is independent of PWM changes 
since that PWM affects the fine and coarse patterns 
equally. FIG. 3 shows the exposure sensor is at its den- 
sity intercept point or null since the symbol is not visible 

25 in any of the exposure sensors. This indicates to the 
operator that the array has been imaged at the correct 
exposure setting. 

[0034] Referring again to FIG. 3, the balance sen- 
sors in the second column 141 can be used to detect a 

30 geometric balance condition, meaning that the high- 
lights and shadows of a halftone tint have approximately 
the same absolute value of dot error. For the purposes 
of the sensor, geometric balance is an imaging parame- 
ter defined as the point where the dot error magnitude 

35 for a 1x2 pixel vertical line pattern is equal but opposite 
in sense to that for a 2x1 vertical pattern. Referring to 
FIG. 4, the fill pattern for the balance symbol 196 there- 
fore contains an equal mixture of 1x2 and 2x1 pixel ver- 
tical line patterns. The background 191 is an 8x8 pixel 

40 checkerboard pattern. The equal mixture of 1 x2 and 2x1 
pixel vertical line patterns produces a sensitivity 
response equal to the midpoint between the sensitivities 
of the two line tints. The two tint patterns are in balance 
when the tint of the combined line patterns equals the 

45 tint of the low resolution 8x8 checkerboard pattern. 
[0035] Referring again to FIG. 3, the PWM sensors 
in the third column 142 determine the zero dot error 
point. In general, calibration (set-up) of PWM is depend- 
ent on exposure. The PWM sensor 142 detects dot 

so error at the exposure and PWM settings. Referring to 
FIG. 4, the PWM sensor 182 compares 1x1 and 8x8 
pixel checkerboard patterns. These two tints will appear 
to be identical and approximately equal to 50% when 
the image quality is in tolerance range. Sensitivity of this 

55 PWM sensor is about 1% contrast change for 0.2% 
change of dot error of 8x8 checkerboard. 
[0036] A sensor array can be imaged at calibrated 
increments of PWM value. In a properly functioning writ- 
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ing engine, the null points lor a PWM sensor array 142 
and a BAL sensor array 141 will occur at the same 
PWM value. If the image quality is compromised by 
other factors, for example if there are errors present that 
are masked by PWM compensation, the null points for 
the two sensor arrays 141, 142 will differ. The direction 
and magnitude of this difference is a measure of quality. 
So also is the magnitude of PWM compensation 
required for zero dot error. In practice, to qualify or cali- 
brate a system, tolerances are placed on the amount of 
PWM compensation allowed, the deviation between the 
null points of tiles, and the exposure setting. As shown 
in FIG. 3, the PWM sensor array is null in the middle row 
152, but the BAL sensor array is null in the second sen- 
sor from the top 153. This might imply that the image 
quality is in fact compromised by other factors, depend- 
ing on the acceptable tolerances and the relevant imag- 
ing parameter settings and step increment. 
[0037] For example, an imaging system can be cal- 
ibrated or qualified using the sensor array of FIG. 3. If 
exposure is acceptable, the sensor indicates whether 
the amount of PWM adjustment required to produce 
zero dot error is within a tolerance range. In addition, the 
sensor can indicate whether the balance condition, as a 
function of PWM, occurs at a PWM setting close to that 
for the zero dot error point. The exposure sensor 140 of 
FIG. 3 indicates that the exposure is within range since 
the symbol is barely visible. The PWM sensor 142 is null 
at the median value 152. The BAL sensor 141 is null at 
row 153 at a PWM value that is close to the value in 
which PWM is null. For a small PWM step between sen- 
sors, the proximity of the PWM null and the BAL null 
would probably be acceptable. 
[0038] If there is a significant tolerance zone that is 
acceptable for an imaging parameter that may result in 
some ambiguity in the visual interpretation of a sensor, 
it is possible to image a reference next to the sensor to 
demonstrate pass/fail limits. The reference is designed 
with an imaging characteristic of insensitivity to the 
imaging parameter, for example a coarse tint in the pre- 
vious example. The reference thus provides a stable 
fixed visual effect as the imaging parameter is varied. A 
tolerance can also be built into the sensor by adding a 
calibrated bias in the design of the fill patterns. 
[0039] Varying an imaging parameter while imaging 
an array of sensors, such as the array of FIG. 3 in which 
PWM is incremented for each row 1 50-154, aids the vis- 
ual decision by providing a range of sensor responses 
from which to make a visual comparison. However, 
many applications do not allow parameter stepping, 
such as an isolated sensor that monitors a fixed engine 
state. 

[0040] Referring to FIG. 5, it is possible to increase 
the resolution of a sensor without requiring parameter 
steps. In one embodiment, three sensors 205, 206, 207 
with identical sensitivities are placed side-by-side. 
Arrow symbols are chosen for the left 205 and right 207 
sensors to indicate when the test variable is under (v) or 



over (a) its tolerance limits, respectively, while the cen- 
tral sensor uses the symbol "x". The response sensitiv- 
ity curves for the outside tiles are then offset in opposite 
directions from the central tile by applying tint offsets to 

5 their respective fill patterns. The offsets cause the down 
arrows 205 to be lighter than the "x" 206 and the up 
arrow 207 to be darker. The combined result is a set 
with increased visual sensitivity to the imaging parame- 
ter. At the intended parameter null point 202 the "x" dis- 

w appears and the arrows are at roughly equal but 
opposite contrast with respect to their background. If the 
imaging parameter is increased slightly to the point 
where the Y becomes threshold visible 201, the up 
arrow will become highly visible while the down arrow 

15 starts to disappear. In addition, both the "x" and the up 
arrow are darker than the background. This clearly indi- 
cates to the user that the parameter has exceeded tol- 
erance. If the visual decision were left to the central tile 
alone, it would still be ambiguous because the "x" is 

20 only visible at a threshold level. A similar effect occurs 
for the down arrow if we go below tolerance except the 
down arrow and "x" are lighter than the background. 
[0041] This technique for increasing sensitivity has 
been described with reference to three sensors, but it 

25 should be clear that it can be extended to any number of 
sensors. In fact, the six image portions of the three sen- 
sors could be combined into a single sensor. Such a sin- 
gle sensor having six image portions would have the 
same sensitivity characteristics described above with 

30 regard to three sensors. 

[0042] The sensitivities of each fill pattern can be 
"tuned" by selecting mixtures of fine patterns each hav- 
ing a unique sensitivity to one or more engine variables. 
The eye sees only the combined sensitivity of the mix- 

35 ture if it is of sufficiently high spatial frequency. Many 
sensors that use contrast as an indicator seem to 
require at least a 2% tint difference to make a reliable 
decision on sensor visual state. In other words, users 
could correctly choose between a tile with <1% symbol 

40 contrast and an adjacent one with >2% symbol contrast. 
This is for high resolution film viewed on a light table. 
The detection threshold may be different for reflective 
media, although initial tests on aluminium plate material 
show similar results. 

45 [0043] Creating a sensor to indicate a range of 
engine parameter settings for one or more engine 
parameters can be accomplished in various ways. A 
model of the imaging system can be used to approxi- 
mate the response of the imaging process to changes in 

so imaging parameters. This is accomplished by modelling 
the writing engine and the media, which includes for 
example in an imaging system based on a laser, such 
variables as the spot of light, the shape, intensity, and 
aberrations of the spot, the addressing increment, other 

55 descriptors such as amplitude, lobes, side-ringing, and 
so on, modulation and modulation aberrations, the 
address space (size), and the engine scan mode (how 
lines are summed). The model can take into account the 
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imaging parameters, such as focus, spot size, spot side 
lobe size, addressability, pulse width modulation, and so 
on. The model can also include a function that 
describes the media, for example its exposure sensitiv- 
ity, how it will react to under/over/appropriate exposure, 
and so on. Such a model can be derived theoretically by 
studying the properties of the engine and the media, or 
a model can be derived experimentally by measuring 
the output of the imaging system using a particular 
media. The more variables that are included in the 
model, the better the model, and the better the results. 
[0044] The model can be used to design patterns 
that are more sensitive to some imaging parameters, 
and less sensitive to other imaging parameters. For 
example, referring again to FIG. 4, the exposure sensor 
1 80 is relatively immune to changes in pulse width mod- 
ulation. If the horizontal axis of both the symbol 195 and 
the background 190 are stretched or reduced, as would 
happen with changes in pulse width modulation, the 
contrast between the symbol 195 and the background 
1 90 would not change. For example, in another variation 
of the exposure sensor design, a one pixel wide notch is 
placed in the middle of each large "on" block segment of 
the background checkerboard pattern. The purpose of 
this is to further reduce sensitivity to PWM changes for 
lower gamma media, meaning media with a tendency to 
fog. The notch is designed to be equally as sensitive to 
PWM induced fog effects as the gaps in the symbol pat- 
tern. The width of the checkerboard block segment is 
increased slightly to maintain a 50% geometric pattern 
weight. 

[0045] For example, for the balance sensor 181 of 
FIG. 4, it is desired that such a balance sensor 181 will 
be null, that is no difference between the symbol and the 
background, that is when the dot error of the 1 x2 vertical 
lines and the 2x1 vertical lines is the same. The sensi- 
tivity to dot error of the 1x2 and the 2x1 vertical patterns 
to changes in pulse width can be predicted. Based on 
those predictions, it is possible to determine the null 
point at which a particular background will appear simi- 
lar to a symbol. 

[0046] Referring to FIG. 6, a measured model of the 
imaging system describes the dot error sensitivity of 
several fill patterns. The data for this model was 
obtained by experimentally measuring the imaging sys- 
tem, that is by measuring the dot error after modification 
of the pulse width. As described above, dot error is devi- 
ation from the geometric weight. When the dot error of 
two patterns of the same geometric weight are identical, 
the apparent density of those patterns will appear sub- 
stantially similar. One curve 210 shows the dot error 
sensitivity of 2x1 vertical lines to pulse width change, 
and another curve 214 shows the dot error sensitivity of 
1x2 vertical lines. The sensitivity of a 50%/50% mixture 
of 2x1 vertical lines and 1x2 vertical lines is shown as 
the average 212 of the 2x1 and 1x2 curves. The relative 
insensitivity of the dot error of an 8x8 checkerboard to 
pulse width change is shown by the 8x8 checkerboard 



curve 216. The combination of the 1x2 and 2x1 fill pat- 
terns results in a pattern that appears substantially sim- 
ilar to the 8x8 checkerboard when the pulse width is 
approximately equal to the size of a pixel address for a 

5 high resolution recording system. This is the definition 
of the zero percent pulse width change point in the hor- 
izontal axis. A -10% pulse width change, for example, 
represents a pulse width that is ten percent smaller than 
the pixel address size. The null point is shown in thefig- 

to ure as the sensor null area 218, which marks the inter- 
section of the curve for the combined fill pattern 212 and 
the 8x8 checkerboard 216. With additional manipulation 
of the mixture, a pattern could be designed with a curve 
that will intersect the 8x8 checkerboard curve 216 at 

75 another point. 

[0047] Referring to FIG. 7, a theoretical model of 
the system describes change in symbol contrast that 
results from exposure change. Symbol contrast is the 
difference between two patterns; the graph shows the 

20 change in contrast between the symbol and the back- 
ground for the exposure sensor 180 described with 
regard to FIG. 4. In the graph, various pixels of gap are 
modelled. The first curve 250 represents a symbol with 
a 1 pixel gap. The third curve 252 represents a symbol 

25 with a 2 pixel gap. The second curve 251 represents a 
symbol with a 1.5 pixel gap. which can be created by a 
mixture of 2-pixel-gap and 1 -pixel -gap fill patterns. Sim- 
ilarly, the 2.5 pixel gap curve 253 represents a fill pat- 
tern that is a mixture of other patterns, for example a 3- 

30 pixel gap pattern 254 and a 2 pixel gap pattern 252. The 
reference 255 is a theoretical contrast change of 0. An 
exposure symbol fill pattern with a 2.5 pixel gap will 
have zero symbol contrast with the background at an 
exposure setting that is approximately -1 .25% less than 

35 the reference exposure defined in the figure, the point at 
which the 2.5 pixel gap curve 253 intersects the zero 
contrast line 255. Similarly, an exposure symbol fill pat- 
tern with a 3 pixel gap will have zero symbol contrast, 
the sensor will be null, at approximately 2.8% greater 

40 than the reference exposure defined as zero in the fig- 
ure. Just as in the sensor of FIG. 6, adjustment of the fill 
pattern mixture will result in a sensor null at a different 
imaging parameter (exposure change) setting. The 
exposure sensor just described provides the unique 

45 advantage of maintaining a fixed high sensitivity to 
exposure change while at the same time being tuneable 
by design so that the sensor null can occur at an arbi- 
trarily selected exposure setting. 
[0048] Referring to FIG. 8, a visual sensor accord- 

so ing to the present invention also can be designed exper- 
imentally. Such a pattern is useful for detecting changes 
in image density that are caused by improper spot 
focus. In one embodiment, a fine (i.e. small number of 
pixel width) pattern of cross-hatched (45 degree) lines 

55 appears most sensitive to changes in focus, so that a 
small change in focus results in a change in pattern 
density. In this example, the imaging system has lower 
resolution that must be taken into account. A pattern is 
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used that is as sensitive to focus as possible, but that is 
also a low enough resolution so as to be resolvable by 
the media and the entire imaging system. In other 
words, the sensitivity of the sensor and the resolution of 
the system are balanced. The frequency of cross- 
hatched (45 degree) lines are adjusted to maximise 
sensitivity, but not create imaging artefacts resulting 
from the inability of the system to fully resolve the 
image. A 2x2 cell, that is opposing diagonal lines in a 1- 
on 1-off checkerboard pattern was found to be unsatis- 
factory. A 3x3 cell 300 with opposing diagonal lines and 
a frequency of 1 -on, 2-off was also not resolvable by the 
system, as are many odd-numbered cells. The next 
larger cell 301, having a cell size of 4x4 with opposing 
diagonal lines and a frequency of 1-on, 3-off, is a good 
compromise and has sufficient density without optical 
gain. Thus, the 4x4 cell 301 can be contrasted with a 
coarse tint of a similar density to produce a focus sensor 
in which the symbol comprises the fine pattern 301 , and 
the background comprises a coarse pattern. 
[0049] Variations, modifications, and other imple- 
mentations of the visual sensors described herein will 
occur to those of ordinary skill in the art without depart- 
ing from the scope of the invention as defined by the 
claims. For example, instead of apparent changes in 
tint, the colour, granularity and/or structure of one image 
portion can differ from that of another image portion for 
an appropriate imaging parameter range. 
[0050] A sensor array can be designed that will 
accurately display the state of the set-up criteria (imag- 
ing parameters) over a wide range of engine variables 
(other imaging parameters), without interference, since 
the impact of such problems on the set-up decision can 
be integrated into the performance of the sensors. 
[0051] A sensor can also include randomised pat- 
terns. Referring to FIG. 9, four sensors are used to ver- 
ify that an output device meets image quality 
specifications. The sensors of FIG. 9 are a variation of 
the sensors of FIGS. 3 and 4 that assumes an accurate 
exposure setting. The PWM sensor 601 and the bal- 
ance sensor 600 perform the same role as described 
with regard to the PWM and balance sensors of FIGs. 3 
and 4 above. The two additional sensors 602, 603 have 
a 50% pattern weight arranged in a randomised pattern. 
These patterns were obtained using a randomised fre- 
quency modulated screening technique, such as 
CristalRaster (trademark of Agfa-Gevaert N.V., Mortsel, 
Belgium) screening available from the Agfa Corpora- 
tion, Wilmington, MA. A quality test of an output device 
is that the null of these sensors 602, 603, the imaging 
parameter (PWM) setting at which the symbol matches 
the background, be within a predetermined tolerance of 
the null of the PWM sensor 601 . If this is the case, then 
the output device is qualified. 

[0052] The sensor array shown in FIG. 9 also con- 
tains microtiles 604 that provide key diagnostic informa- 
tion when analysed with a microscope or machine 
vision system. These are not meant to provide visual 



effects directly. This added benefit of calibration func- 
tionality comes without significantly increasing the size 
of the array. For example, the microtile set located 
between the sensors 600 and 601 provides the calibra- 
5 tion data to produce the set of curves shown in FIG. 6 
when the sensor array is stepped over a range of expo- 
sure. 

[0053] Referring to FIG. 10, a control wedge 700 in 
accordance with the present invention includes at least 
10 one visual sensor 702 as described above. The digital 
control wedge typically resides in digital form in the RIP 
or output device. 

[0054] The combined effects of the imaging record- 
ing and chemical or mechanical processing devices, 

15 that is the imaging system, can be determined using the 
control wedge 700. Since these effects cannot be read- 
ily separated, the control wedge, as will be described 
below, provides an accurate and user friendly means to 
establish operating parameters based upon the full sys- 

20 tern operation, and hence facilitates the establishment 
and adjustment of operating parameters of the imaging 
device based upon the operation of the imaging and 
processing devices. 

[0055] In the control wedge 700, the actual patterns 

25 in the identified areas are described textually using 
labels rather than by a depiction of the patterns them- 
selves for clarity. The control wedge 700 is formed of 
various patterns which are imaged on a selected media. 
It will be understood by those skilled in the art that any 

30 combination of the disclosed patterns may be utilised. 
For example, in certain implementations, it may be 
desirable or even advantageous to limit the control 
wedge to, for example, a checkerboard, or a high- 
light/shadow dot or a midtone array pattern, or to one or 

35 more of the text, hairline or microline patterns. However, 
preferably, all of the patterns depicted in FIG. 10 are 
included in the control wedge for use in establishing and 
monitoring the quality images recorded on the media by 
the output device. 

40 [0056] The depicted control wedge 700 is recorded 
on media 710 and includes an array of checkerboard 
patches which form the checkerboard pattern 720. The 
size of the halftone dots forming the checkerboard 
patches continuously increases on a patch by patch 

45 basis from a single pixel to 8x8 pixels, as indicated. 
[0057] The 8x8 pixel checkerboard patch also 
extends adjacent to the entire row of checkerboard 
patches. The 1 x1 checkerboard patch is the most sensi- 
tive of the imaged patches, with each consecutive patch 

so being less sensitive than the prior adjacent patch. The 
8x8 pixel patch represents the least sensitive of the 
imaged checkerboard patches. The least sensitive dot 
could, if desired, be either larger or smaller than the 8x8 
pixel dot size indicated as will be discussed further 

55 below. 

[0058] The least sensitive patch corresponds to a 
multiple of the resolution rate of the output device. The 
actual spacing of the pixels, and the coarse adjustment 
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of their size, is determined by the addressability of the 
platesetter or imagesetter. Minor adjustments to the 
pixel size, and hence, the size of each halftone dot, is 
performed by adjusting the exposure, intensity and/or 
degree of processing. The control wedge 700 is advan- 
tageously used for this purpose and particularly for 
exposure adjustment. 

[0059] The checkerboard patches forming the 
checkerboard pattern 720 could, of course, include half- 
tone dots formed of more than sixty-four pixels (8x8). 
For example, 9x9, 10x10, etc., checkerboard patches 
could be included, if desired. Similarly, the checker- 
board patches could be limited to dot sizes which are 
less than 8x8 pixels. For example, the checkerboard 
pattern 720 could, if desired, be limited to checkerboard 
patches of one pixel through 6x6 pixels. Of course, as 
will be recognised by those skilled in the art, other dot 
size ranges could also be utilised. However, preferably 
the smallest dot size will be a one pixel dot since this will 
provide the greatest sensitivity to changes in the expo- 
sure. 

[0060] The patch having the largest dot size, in this 
case the 8x8 checkerboard patch, will beneficially 
extend adjacent to all other checkerboard patches. For 
example, if the least sensitive patch in the checkerboard 
pattern 720 has a dot size of 6x6 pixels, it will be that 
patch which extends beneath the row of checkerboard 
patches in a manner similar to the 8x8 pixel patch 
depicted in Figure 10. 

[0061] The one pixel patch has the greatest sensi- 
tivity. For typical resolutions, this is always the case 
because the dot is formed of only a single pixel which 
grows or shrinks in all directions. The 2x2 halftone dot 
patch is only half as sensitive as the 1x1 halftone dot 
patch because adjacent edges of the four pixels forming 
the dots of the 2x2 patch will not have an effect on the 
dot's overall size. Hence, as the exposure changes any 
expansion of adjacent sides of respective pixels forming 
the halftone dots of the 2x2 patch will not increase or 
reduce the size of the halftone dot itself, but will only 
increase or decrease the overlap of adjacent pixels 
forming the dot, or increase or decrease the empty area 
between the adjacent pixels. Accordingly, the 2x2 half- 
tone dot patch is less sensitive to changes in the plate- 
setter or imagesetter exposure setting. 
[0062] The sensitivity continues to decrease with 
each increase in the number of pixels forming the half- 
tone dots making up the patch in relative proportion to 
the inverse of the size increase. Hence, each of the 
patches forming the checkerboard pattern 720 pos- 
sesses a different sensitivity to changes in exposure 
which is directly dependent upon and related to the 
number of pixels in the halftone dots forming the patch. 
In more practical terms, what this means is that to 
obtain a change in the tint of the 8x8 halftone dot patch 
which is perceivable to the unaided eye, a relatively 
large change in the exposure setting of the platesetter 
or imagesetter is required. On the other hand, a rela- 



tively small change in the exposure setting of the plate- 
setter or imagesetter will result in a change in tint of the 
patch formed of a 1x1 halftone dot which is perceivable 
with the unaided eye. 

5 [0063] One common reference is that at which the 
tint of the halftone dot patches forming the checker- 
board pattern 720 appear equal to the unaided eye. 
(This is the reference exposure described as zero with 
regard to FIG. 7.) When this criterium is met, the dot 

10 area of each of the halftone dot patches forming the 
checkerboard pattern will have a nominal fractional area 
coverage of 50% or, stated another way, a nominal dot 
area of 50%. The equal visual tint is reflective of all the 
halftone dots forming the checkerboard pattern 720 

is being true checkerboards and hence, being true 50% 
dots. 

[0064] The sharpness and resolving power of the 
medium 710 may, however, affect the sensitivity rela- 
tionship between different size dots. For example, if the 

20 medium 710 is of poor resolution quality or has charac- 
teristics which result in the relationship between images 
of different size dots being nonlinear, the proper expo- 
sure may occur at other than a nominal 50% density. 
This can, for example, be confirmed by using a densito- 

25 meter to actually measure the density of one or more of 
the halftone patches of the checkerboard pattern 720 at 
the selected exposure. This value can then be stored in, 
for example, the output device, or the RIP or on the front 
end, for continuous exposure monitoring and calibra- 

30 tion, i.e., adjustment during subsequent production 
recording of images. 

[0065] To initially establish the proper exposure, an 
array of the checkerboard patterns 720 at different 
exposures can be generated on a test medium by the 

35 output device and processed in a media processor. The 
control wedge 700 depicted in Figure 10 also provides 
other patterns which demonstrate in even more practi- 
cal operational terms, the quality of the production 
images which can be expected at a selected exposure 

40 and hence the usability and quality of the images 
recorded on the medium. 

[0066] Referring again to FIG. 10, a positively and 
negatively imaged microline cornfield pattern 760 pro- 
vides yet another check on the quality of production 

45 images which can be expected during production 
recording at a selected exposure setting. It should be 
noted that the microlines forming the microline pattern 
760 are formed such that the spacing between the lines 
is twice the width of the lines. Accordingly, if the lines 

50 have a one pixel width, the spacing between lines is two 
pixels. This provides an observer with an enhanced vis- 
ual perception of the quality of the microlines forming 
the pattern 760 over that provided by microlines having 
their spacing equal to their width. The microline pattern 

55 760 is formed of various cornfields having different 
width microlines, the narrowest of which are 10.6 
microns, i.e., one pixel in width, and the widest of which 
are 63.5 microns, i.e., 6 pixels in width. Of course, other 
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microline widths could, if desired, be utilised. Because 
the microlines have widths between 10 and 70 mil- 
lionths of a meter, the microline pattern 760 will react to 
changes in the resolution setting of the output device. 
For example, if the smallest mark which can be imaged 
is 10.6 microns at 2400 dpi (94.5 dots per mm), 14.1 
microns at 1800 dpi (70.9 dots per mm) and 21.1 
microns at 1200 dpi (47.2 dots per mm), these lines are 
arranged in alternating horizontal and vertical rows to 
form the cornfield pattern 760. The lines increase in 
width from left to right as indicated. When the optimal 
exposure is achieved, the upper and lower segments of 
each microline patch will have the same visual tonal 
appearance. Additionally, the microlines will be crisp 
and clean. 

[0067] The exposure, at which this condition is met, 
produces the same balance condition as described with 
regard to the balance sensor of FIG. 3. In this example, 
balance is determined as a function of the imaging 
parameter exposure, not as a function of the imaging 
parameter PWM as it was described with regard to FIG. 
3. The balance sensor of FIG. 3 could have been 
stepped by exposure instead of PWM. 
[0068] The control wedge includes a serif text pat- 
tern 730 which is imaged both positively and negatively 
in decreasing size. Serif text is the most difficult text to 
image due to the short lines stemming from and angled 
to the upper and lower ends of the strokes of the letters 
forming the text. Over or under exposure of the serif text 
pattern 730 will result in the serif text fattening and/or 
the loss of the smaller point sizes which stem from the 
upper and lower end of the strokes of the letters forming 
the text, depending on whether the positive or negative 
serif text images of the pattern 730 are being observed. 
If the quality of the serif text pattern 730 is good, the text 
should appear crisp and clean. Hence, by inspecting the 
positive and negative serif text images, an operator can 
easily conform that the quality of different sizes of serif 
text at a selected exposure level are of satisfactory qual- 
ity. 

[0069] Positively and negatively imaged hairline 
pattern 740 is also provided as indicated. The hairlines 
forming the hairline pattern 740, as will be understood 
by the skilled artisan, conform to a standard 2.5 mils 
(63.5 jam) in thickness. These thin lines provide the 
operator with a clear indication of the line quality which 
can be expected for production images recorded on the 
media 710 at a selected exposure setting. More partic- 
ularly, when the media is properly exposed, the line 
weights of the hairlines forming the hairline pattern 740 
should be equal and the hairlines should be recorded as 
a crisp and clean image rendition. 
[0070] The control wedge 700 also provides a posi- 
tively and negatively imaged standard serif text pattern 
750 which provides a further check and confirmation on 
the quality of production text imaging which can be 
expected at a selected exposure level. The standard 
serif text pattern 750 is formed by recording three point 



text. Reversed text can be problematic when the expo- 
sure is incorrectly set. Accordingly, the standard serif 
text pattern 750 provides a tool for confirming that the 
positive and negative three point serif text will be similar 

5 in appearance and size in a production run at a selected 
exposure setting. Here again, a crisp and clean image 
rendition is indicative of high quality imaging. 
[0071] A still further check which will provide the 
operator with balance information in terms of the per- 

10 ceivable density is provided through a midtone array 
pattern 770 ol Figures 6 and 7. The midtone array pat- 
tern 770 is formed of individual patches between a nom- 
inal 41% tint and a nominal 60% tint. Hence, the 
midtone array pattern 770 will indicate any differences 

15 which exist between the specified and measured mid- 
tone dot area densities at a selected exposure. Linearity 
calibration can be utilised to correct for any discrepan- 
cies that exist to bring the specified and measured 50% 
dot patch into alignment. In this regard, the midtone 

20 array pattern 770 can be utilised to confirm that the 50% 
density patch of the midtone array has an actual density 
of 50%. by reading the density of the nominal 50% mid- 
tone patch using, for example, a densitometer. 
[0072] The exposure setting of the control wedge 

25 can be further qualified by measuring D min and D max at 
the appropriate points on the control wedge 700 using a 
densitometer. If the exposure does not provide the 
desired D min or D max value, then another control wedge 
700 exposed at a different exposure setting may be 

30 selected for the desired D min or D max values. 

[0073] In one embodiment, the control wedge also 
includes one or more visual sensors 702 as described 
above. The visual sensors can detect such imaging 
parameters as are useful to calibrate or verify the quality 

35 of the output device. 

[0074] Referring to FIG. 11 , a control wedge 800 is 
shown that is particularly useful for calibrating a halftone 
proofer such as the POLAPROOF available from Polor- 
oid Corporation of Cambridge, MA. The control wedge 

40 800 includes an exposure visual sensor 804. In one 
embodiment, the exposure sensor 804 is similar to the 
exposure sensor 180 of FIG. 4. In another embodiment, 
the symbol contains 1x1 vertical lines, and the back- 
ground contains 2x2 vertical lines. The sensor is null 

45 when a proper exposure setting is reached. The expo- 
sure setting 805 is identified next to the visual sensor 
804. In one embodiment, the exposure sensor is 
imaged during a exposure sweep, but not during a focus 
sweep, described below. 

so [0075] The control wedge 800 also includes half- 
tone grayscale dot areas 803. The grayscale is shown in 
two places. The upper row contains halftone levels as 
calculated by a RIP using a compensation curve, and 
the Jower row contains halftone levels without such cali- 

55 bration. This is useful to determine whether the proofer 
outputs linear grayscales whether or not the RIP applies 
correct calibration curves. 

[0076] The POLAPROOF is a multi-beam system. 
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In a multi-beam system it is important that the multiple 
beams have similar exposure settings. In the Polaproof 
control wedge, for example, to image each block, the 
proofer uses a different imaging spot. Differences 
between the blocks indicate that the eight beams in the 
proofer have different intensities. The control wedge 
800 also includes eight blocks of vertical lines 802. In 
one embodiment, the blocks contain 1x7 vertical lines. 
[0077] The control wedge 800 also includes a small 
oval 801 on the right side that is used to test focus. In 
one embodiment, the focus test pattern of FIG. 8 is used 
to fill the oval. The correct focus is found at the point 
where the oval appears the darkest. In this embodi- 
ment, the background of the sensor is empty. The high- 
est contrast sensor indicates the sharpest focus. In 
another embodiment, a focus sensor has a non-empty 
background, and when the sensor is null, the focus is 
the sharpest. In one embodiment, the focus target is not 
imaged during a power sweep, described below, to 
avoid confusion. To the right of the focus target 801 , the 
control wedge 800 includes the focus setting 806. 
[0078] As shown in FIG. 1 1 , an array of control 
wedges, generally 810, is referred to as a power sweep. 
The power sweep is an array of wedges, with each 
wedge imaged at a different power setting. The power 
settings shown on the left side of the wedges 805A- 
805F, are incremented by three. A power sweep is use- 
ful for finding the ideal exposure setting, as described 
above with regard to the sensor array. 
[0079] Referring to FIG. 12, an array of control 
wedges, generally 820, is referred to as a focus sweep. 
The focus sweep is an array of wedges, with each 
wedge imaged at a different focus setting. The focus 
settings are shown on the right side of the wedges 
806A-F as incremented by three. A focus sweep is use- 
ful for finding the ideal focus setting, as described above 
with regard to the sensor array. 
[0080] It is useful to calibrate a proofer such as the 
POLAPROOF proofer, by first setting the focus with an 
estimated intensity, and then setting the intensity once 
the focus has been set, that is by first running a focus 
sweep and then running a power sweep. In one embod- 
iment, a software program running on a front end 
receives input from a user regarding the parameter set- 
tings for a focus sweep and a power sweep. The soft- 
ware receives input from a user regarding which 
parameters to be swept, e.g. a focus sweep or a power 
sweep. The front end software then prepares an image 
of a control wedge 800 which incorporates the appropri- 
ate visual sensors, e.g. exposure or power sensor 804, 
or focus sensor 801, corresponding to the selected 
sweep parameters. To avoid confusion after the visual 
sensors have been recorded onto a recording medium, 
only the visual sensors corresponding to the imaging 
parameter being swept during the recording of the con- 
trol wedge 800 may be included in the control wedge 
image prepared by the front end. Thus if a focus sweep 
is selected by the operator, the front end software may 



only include the visual sensor designed for evaluating 
focus, e.g., visual sensor 801 as shown in FIG. 12, while 
not including the visual sensor for other parameters, 
e.g. the exposure sensor 804. Conversely in FIG. 11 
5 only the exposure sensor 804 is included in the control 
wedge 800 since only exposure is being swept by the 
recording device. 

[0081] In operation a plurality of visual sensor 
images may be stored on the front end as digital files. 

w The files may also be stored on the RIP or on the 
recording device. These may comprise visual sensors 
lor giving a visual indication of change in, or a null in, a 
particular image recording parameter and each type of 
visual sensor may include variations corresponding to 

15 the recording resolution of image recorder, the type of 
media used, e.g. film or plate or paper, the type of 
recorder, e.g. photographic, thermal or electrophoto- 
graphic, the selected recorder screening parameters, 
e.g. frequency of "amplitude modulated screens", the 

20 recording dot shape or size, e.g. square or elliptical, the 
type of media processor, e.g. chemical, mechanical or 
thermal or a variety of other image recording parame- 
ters. The front end software may include a menu for 
selecting these parameters as well as for selecting 

25 which imaging parameter of the recording device are to 
be swept and based on those selections the front end 
software may then build one or more control wedge 
images which include the appropriate visual sensors for 
providing the sweep or other visual image test which 

30 may be designated by the operator. 

[0082] Having prepared a control wedge file, ihe 
front end software may perform screening, colour sepa- 
rating or other processing steps to the control wedge 
image before sending the control wedge image to the 

35 RIP 34 for raster processing. The RIP then provides a 
bit map which is readable by the recording device to be 
tested. The processed RIP file may also include specific 
sweep instructions e.g. which parameter to sweep 
and/or the start and end values of the sweep parameter 

40 such that a sweep can be automatically performed by 
the image recorder. 

[0083] The control wedge may also include printed 
information or data fields for providing dates, equipment 
type, sweep values, operator name, screening and res- 

45 olution settings or a host of other qualifying data. Such 
information may also be input by an operator at the front 
end or automatically inserted into the control wedge 
image by the software running on the front end. 
[0084] Variations, modifications, and other imple- 

so mentations of the visual sensors described herein will 
occur to those of ordinary skill in the art without depart- 
ing from the scope of the invention as defined by the 
claims. Accordingly, the invention is to be defined not by 
the preceding illustrative description but instead by the 

55 scope of the following claims. 
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Claims 

1 . A visual sensor (1 1 0) for recording onto a recording 
media, comprising: 

a first portion (1 1 5) having a first imaging char- 
acteristic; and, 

a second portion (120) proximate to the first 
portion (115) and having a second imaging 
characteristic 

wherein the imaging characteristic of one of the first 
and second portions is less sensitive to a first imag- 
ing parameter of a recording device to be evaluated 
than the imaging characteristic of the other of the 
first and second, such that the imaging characteris- 
tic of the first portion (115) and the second portion 
(120) appear substantially similar for at least one 
imaging parameter setting range of the first param- 
eter of the recording device and appear substan- 
tially different otherwise; 

characterised in that one of the first and second 
portions comprises a symbol and the other of the 
first and second portions comprises a background 
and wherein said symbol is completely surrounded 
by said background. 

2. The visual sensor of claim 1 wherein the symbol 
comprises at least one alphanumeric character. 

3. The visual sensor of any one of the above claims 
wherein the symbol is chosen to provide informa- 
tion related to the at least one imaging parameter 
setting range. 

4. The visual sensor according to any one of the 
above claims wherein the imaging parameter of the 
recording device to be evaluated is at least one 
parameter chosen from the set of parameters con- 
sisting of: 



- sensitivity to position errors, and 

- sensitivity to exposure errors. 

5. The visual sensor according to any one of the 
5 above claims wherein the first and second imaging 

characteristics each comprise one or more charac- 
teristics chosen from the set of : 

- density, 
w - tint, 

- colour, 

- reflectivity, 

- absorption, 
granularity, 

15 - microstructure, 

size, 

shape, 

distribution, 

randomness, 
20 - structure, 

edge sharpness and 

- depth. 

6. The visual sensor according to any one of the 
25 above claims wherein at least one of the first and 

second portions is insensitive to other imaging 
parameters of the recording device to be evaluated. 

7. A visual sensor according to any one of the above 
30 claims for optimising exposure beam focus wherein 

the first portion (1 15) comprises a coarse tint and a 
second portion (120) comprises a cell size of 4x4 
pixels with opposing diagonal lines and a frequency 
of 1-on and 3-off. 

35 

8. A visual sensor according to any one of the above 
claims further comprising at least another visual 
sensor (141, 142) for recording onto the recording 
medium, said at least another visual sensor (141, 

40 142) comprising : 



exposure beam intensity, 

exposure beam pulse width modulation, 

exposure beam focus, 

image balance, 45 
exposure beam spot size, 
spot shape, 
spot ellipticity, 
sidelobe size, 

sidelobe shape, so 
sidelobe intensity, 
recording media gamma, 
image edge sharpness, 
image dot gain, 

image uniformity, 55 
ink receptivity of plate material, 
physical media changes, 
pattern dependent effects, 



a first portion (1 1 5) having a first imaging char- 
acteristic; and, 

a second portion (120), proximate to the first 
portion (115) and having a second imaging 
characteristic and 

wherein the imaging characteristic of one of the first 
and second portions of said at least another visual 
sensor (141, 142) is less sensitive to a second 
imaging parameter (BAL, PWM) of the recording 
device to be evaluated than the imaging character- 
istic of the other of the first and second portions of 
said at least another visual sensor (141 , 142), such 
that the imaging characteristic of the first portion 
(1 15) and the second portion (120) of the at least 
another visual sensor (141, 142) appear substan- 
tially similar for at least one setting range of said 
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second imaging parameter and appear substan- 
tially different otherwise. 
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